Tissue engineering: A next generation biomedical approach
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ABSTRACT
Tissue engineering (TE) is a successful biomedical approach which integrates scaffolds, cells and bioactive molecules into functional tissues using engineering principles. The assembled functional construct can restore or improve damaged tissues or whole organs. It would circumvent the problems associated with damage of tissue and thus a better solution than the existing therapies like transplantation, surgical reconstruction and use of mechanical devices. The engineered tissues would also enable the in vitro study of human physiology. It aims at designing the scaffolds, which can recreate the in vivo microenvironment as provided by 3D extracellular matrix (ECM). The intracellular signalling pathways are dynamically integrated with ECM that regulate the gene expression and is also involved in determination of cell phenotype. TE is aimed at mimicking the properties of most relevant ECM so that different kind of scaffolds can be made depending upon the tissue damaged. The pore size, chemical signalling motives and stiffness of scaffolds shall be carefully examined. The biomaterial designed should be biocompatible and biodegradable so that the scaffold can be replaced by protein synthesized by native or implanted cells. It should be able to minimize the immunological and inflammatory responses. The biomaterial shall be easy to prepare and processed and scalable. Both natural as well as synthetic scaffolds can be used though natural may suffer few limitations while synthetic ones can be tailored to mimic the properties of ECM as well as are reproducible. The synthetic polymers like polyurethane, elastin-based polymers, combination of POC/PLCL (poly(1,8-octanediol-co-citrate)/ poly(L-lactic acid)-co-poly-(3-caprolactone), self-assembling peptides such as KLD-12 are widely used. The scaffolds need to undergo surface-modifications as otherwise it will only hold and guide cells in 3D space till they produce their own physiological matrix environment.  The selection of cell source is another critical issue in TE as cells should be able to integrate in the specific tissue and secrete various growth factors and cytokines and thus can activate the endogenous tissue regeneration program. Stem cells are used as promising source of cells. Another important component of TE is signalling molecules which can be either added as soluble factors or attached to scaffold. Bioceramic scaffolds, mainly Hydroxyapatite (HA) either alone or as composite in combination with chitosan, gelatine and other polymers, have been used successfully. The next generation scaffolds are osteo-inductive which can via bimolecular signalling and progenitor cells recruitment can promote new bone formation. A number of synthetic biomolecules have been modified and complexed with signalling molecules for using in bone tissue engineering, cartilage tissue engineering, vascular tissue engineering, pancreas tissue engineering, cancer and for modelling human physiology. The integration of microchip and microfluidic approaches to TE has made it the most valuable next generation biomedical approach. 
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